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Abstract
The pathogenesis of bone marrow failure in Fanconi anemia is poorly understood. Suggested mechanisms include enhanced apoptosis secondary to DNA damage and altered inhibitory cytokine signaling. Recent data determined that disrupted cell cycle control of hematopoietic stem and /or progenitor cells disrupts normal hematopoiesis with increased hematopoietic stem cell cycling resulting in diminished function and increased sensitivity to cell cycle specific, apoptotic stimuli. Here, we utilized Fanconi anemia complementation type C deficient (Fancc -/-) mice to demonstrate that Fancc -/-phenotypically-defined cell populations enriched for hematopoietic stem and progenitor cells exhibit increased cycling. In addition, we established that the defect in cell cycle regulation is not a compensatory mechanism from enhanced apoptosis occurring in vivo. Collectively, these data provide a previously unrecognized phenotype in Fancc -/-hematopoietic stem/progenitor cells, which may contribute to the progressive bone marrow failure in Fanconi anemia. 
Methods
Mice
Six to ten week old WT, Fancc -/-, and p21 cip1/waf1 -/-mice (C57Bl/6 strain) were used as previously described 3, 4, 13, 15 . The Indiana University laboratory animal committee approved all studies.
BrdU Assays
WT and Fancc -/-mice were injected intraperitoneally with 100 mg/kg of bromodeoxyuridine For personal use at PENN STATE UNIVERSITY on February 21, 2013. bloodjournal.hematologylibrary.org From Balanced salt solution (Biowhittaker) for 60 minutes before incubating with anti-BrdU-FITC (BD Biosciences). Cells were then analyzed by fluorescence cytometry for simultaneous detection of Sca1, ckit, and BrdU as previously described 16 .
H-Thymidine Incorporation/PKH26 Studies
BM derived mast cells (BMMCs) were derived as previously described 17 . Either Sca1+ckit+lin-(SCL) cells or BMMCs were plated in a 96-well dish (10 5 cells/well) in RPMI (GIBCO BRL) 10% FCS and 100 ng/ml murine stem cell factor (mSCF, Peprotech, Rocky Hill, NJ). 3 Hthymidine incorporation assays and PKH26 studies were conducted as previously described 17, 18 .
G0/G1 Analysis
BM cells or BMMCs were stained with Hoechst 33342 (Molecular Probes, Eugene, OR) and
Pyronin Y (Sigma) and analyzed as previously described 19 . Fluorescence cytometer settings were determined using WT and p21 cip1/waf1 -/-samples as controls.
Apoptosis
WT and Fancc -/-SCL cells were evaluated by the TUNEL assay similar to previously described methods 15 except fluorescence cytometry was used for analyses.
Western Blotting
BMMCs were lysed, and protein lysates were quantitated, separated on a 10% SDS-PAGE gel, and transferred to nitrocellulose as previously described 17 . Membranes were incubated for 1 hour with rabbit anti-retinoblastoma (Rb) antibody (1ug/ml, BD Biosciences) followed by a 1 
Results and Discussion
To evaluate cycling of primitive, phenotypically-defined cells enriched for hematopoietic stem/progenitors, we compared BrdU incorporation of Fancc -/-and WT Sca1+ckit+lin-(SCL) cells after pulsing with BrdU. We observed a 2-3 fold increase in BrdU incorporation in Fancc -/-SCL cells compared to WT controls ( Figures 1A-B) , analogous to clonogenic progenitors 15 .
Similar data were obtained using a 3 H-thymidine incorporation assay (data not shown Figure   2D ), providing a biochemical correlate for cell cycle data. Utilizing BMMCs as a model system, together these data argue that the alteration in hematopoietic cell cycle regulation observed in vitro and in vivo is, at least in part, cell autonomous.
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Cumulatively, these data demonstrate a previously unrecognized phenotype in Fancc -/-hematopoietic stem/progenitor cells. Furthermore, these data suggest that increased Fancc -/-stem/progenitor cell cycling may contribute to the apoptotic phenotype. Previously identified mechanisms accounting for enhanced apoptosis in Fancc -/-cells include perturbed dsRNAdependent protein kinase-mediated apoptotic signaling 23, 24 and increased DNA damage secondary to either aberrant cell cycle checkpoint control and/or DNA repair 1,2 . Our data implicate an additional mechanism since increased HSC cycling predisposes to stimuli that predominantly damage cycling cells [10] [11] [12] . Furthermore, if the DNA damage was insufficient to 
